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ARTICLE
AbstrAct
There has been much debate and controversy about the routine use of antibioticimpregnated bone cement in primary total joint arthroplasty. The purpose of this study was to undertake a meta-analysis to determine whether the use of antibioticimpregnated bone cement would reduce the incidence of infection after primary total joint arthroplasty. Of 313 citations identified for screening, 6 trials reporting 26,791 patients were eligible for data extraction and meta-analysis. The authors found no statistically significant difference between antibiotic-impregnated bone cement and plain bone cement in terms of the incidence of infection. The results indicated that the use of antibioticimpregnated bone cement in primary total joint arthroplasty did not lead to a decrease in the rate of infection. [Orthopedics. 2014; 37 (12) : 839-845.] O ne of the most devastating complications of total joint arthroplasty (TJA) is periprosthetic infection (PPI) resulting in substantial morbidity, often with pain, immobility, prolonged hospital stay and further surgery, and thus additional high costs. [1] [2] [3] Compared with patients undergoing revision procedures for aseptic loosening, patients with PPI have a higher rate of postoperative complications, number of hospitalizations, reoperation rates, and outpatient charges.
2,4 Despite the use of prophylactic antibiotics and strategies such as laminar flow, shortened operative time, and improved surgical technique, the incidence of postoperative PPI varies from 1% to 2.2% after TJA.
5-8
The routine use of antibioticimpregnated bone cement (AIBC) for infection prophylaxis in primary TJA is controversial. According to the literature, some studies have shown that the prophylactic use of AIBC is associated with a lower risk of infection-based revision.
9-11 Furthermore, some large registry databases have shown a decreased rate of revision surgery due to infection in patients who received AIBC at the time of primary TJA. [12] [13] [14] However, other studies did not find that the use of AIBC reduced the prevalence of infection following TJA. 15, 16 Also, other concerns include the possible development of antibiotic resistance, cost, allergic reactions, toxicity, and degradation of cement material properties. 17, 18 To the current authors' knowledge, only 1 meta-analysis was performed on this issue in 2008. 13 However, this metaanalysis included revision TJA, and all included studies were performed before 2000. Meanwhile, 2 randomized, controlled trials and 1 retrospective cohort study comparing outcomes of AIBC and plain bone cement in primary TJA were published after 2008 and indicated that the issue is still controversial. Therefore, the current authors performed an updated meta-analysis to determine whether the use of AIBC would reduce the incidence of infection after primary TJA. Because AIBC has been widely accepted for revision, the authors excluded trials referring to revision TJA in which AIBC spacers were used. Their meta-analysis included only primary TJA.
MAteriAls And MethOds
Search Strategy
The authors searched electronic databases including PubMed (1966 
Selection Criteria
Trials were included if they were clinical trials evaluating the efficacy of AIBC for the prevention of infection in primary TJA, with adequately reported data on the incidence of infection. Prospective and retrospective trials were included, and the authors did not confine the metaanalysis to randomized, controlled trials. After excluding duplicates, one reviewer (Z.Y.) performed an initial title and abstract screening of articles to discard those that were clearly ineligible. Studies on drug trials, letters and review articles, and studies without available data were excluded. Then 2 reviewers (S.B., Y.J.) independently examined the full articles to assess the trials for eligibility for inclusion, with disagreement resolved by discussion. Citations that were clearly not relevant or were not clinical trials were not reviewed in full. If necessary, the reviewers attempted to contact the authors of the original articles to obtain further details.
Validity Assessment
Two reviewers (Z.Z., K.P.) rated the quality of the eligible studies independently. Study quality was judged using the Jadad 5-point scale 19 for randomized, controlled trials and the NewcastleOttawa quality assessment scale 20 for other studies. The Jadad 5-point scale contains 2 questions each on randomization and masking and 1 question on the reporting of dropouts and withdrawals. The total possible score is 5. 19 For the Newcastle-Ottawa quality assessment scale, the authors assessed studies based on 3 aspects: the selection of the study groups (0-4 points), the comparability of the groups (0-2 points), and the ascertainment of either the exposure or outcome of interest (0-3 points). The total possible score was 9.
Data Extraction
The authors extracted the following data from each included study: (1) patient demographics, including age, sex, indication for TJA, study location, follow-up duration, and type of study; (2) type and manufacturer of prosthesis, type of cement, and AIBC strategy; and (3) incidence of infection after TJA.
The authors focused on the incidence of infection after TJA between patients receiving AIBC and those receiving plain bone cement. The primary outcome was the incidence of infection after TJA from all included trials, with subsequent subgroup analyses based on the type of study (randomized, controlled or retrospective cohort), operative site (knee, hip, or shoulder), and follow-up duration (short-term follow-up at less than 24 months or midterm follow-up at more than 24 months) as the secondary outcomes.
Statistical Analysis
All outcomes in this study were dichotomous variables and expressed as risk ratios (RR) with 95% confidence intervals (CI). Statistical heterogeneity was tested using the chi-square test and I 2 statistic. A chi-square statistic less than 0.1 or an I 2 statistic greater than 50% was indicative of statistical heterogeneity. Depending on the heterogeneity, meta-analysis was performed using a fixed-effects or random-effects model. When there was no statistical evidence of heterogeneity, a fixed-effects model was adopted; otherwise, a random-effects model was used. Publication bias was tested by funnel plots. Statistical analysis was performed using RevMan version 5.0 software (The Cochrane Collaboration, Oxford, United Kingdom), and a P value less than .05 was considered statistically significant for outcome measures. Figure 1 shows details of study identification, inclusion, and exclusion. The authors' search strategy initially yielded 313 citations. Of these, 6 clinical trials with 26,796 knees were included in the metaanalysis.
results
Included Trials
9,11,21-24 Four of these trials were randomized, controlled trials 9,11,22,24 and 2 were retrospective cohort studies 21, 23 ; 2 of the articles were from 1 trial.
9,11 Table 1 shows study characteristics. Two trials were performed in Taiwan, 1 in Germany, 1 in Canada, 1 in the United States, and 1 in Spain. All trials were published after 2000, and 3 trials were published after 2010. All patients in the 6 trials were adults. Mean patient age ranged from 67.5 to 76.06 years, and mean follow-up duration ranged from 12 to 50 months. All patients underwent primary TJA: 26,254 patients in 4 trials underwent total knee arthroplasty (TKA), 9,11,21,24 28 patients in 1 trial underwent total hip arthroplasty (THA), 22 and 501 patients in 1 trial underwent total shoulder arthroplasty (TSA). 23 According to the quality assessment, 4 randomized, controlled trials that clearly reported the details of randomization and blinding were of high quality (Jadad score ≥3). According to Newcastle-Ottawa quality assessment scale, 1 retrospective cohort trial scored 8 points 23 and 1 scored 7 points, 21 indicating they were both of high quality. Table 2 summarizes prosthetic type and manufacturer, cement type, and AIBC strategy. Simplex P bone cement (Howmedica Inc, Rutherford, New Jersey) was used in 5 trials.
9,11,22-24 Cefuroxime was mixed with bone cement in 2 trials, 9,11 tobramycin was used in 1 trial, 22 erythromycin and colistin were used in 1 trial, 24 tobramycin or gentamycin or vancomycin was used in 1 trial, 23 and the antibiotic was unclear in 1 trial. Table 3 shows the results of the meta-analysis and subgroup analysis. All 6 studies reported the incidence of infection after primary TJA. In the AIBC group, PPI was found in 51 (1.28%) of 3982 TJAs. In the plain bone cement group, PPI was found in 194 (0.85%) of 22,809 TJAs. There was statistical heterogeneity between studies (P<.1; I 2 =77%) using a random-effects model. The overall RR was 0.6 (95% CI, 0.23-1.56), suggesting that there was no statistical significance between the 2 groups (P=.30) (Figure 2) .
Results of Meta-analysis
Results of Subgroup Analysis
To eliminate heterogeneity, 6 studies were under subgroup analysis based on the type of study, operative site, and follow-up duration. In subgroup analysis of different study types, 4 were randomized, controlled trials and 2 were retrospective cohort studies. In subgroup analysis of operative site, 4 trials reported the results of TKA, 1 reported THA, and 1 reported TSA. In subgroup analysis of follow-up duration, 2 trials reported shortterm results and were assigned to the short-term subgroup, and 4 trials reported mid-term results and were assigned to the mid-term subgroup. Table 3 shows the results of subgroup analysis of the cumulative data from these 6 trials. There was no significant difference in any analysis confirming that the incidence of infection was decreased in the AIBC group.
discussiOn
Periprosthetic infection is a debilitating complication of TJA and has been cited as the most common cause of implant failure.
1-3 The current analysis showed that, in the overall comparison and subgroup analysis, there were no statistically significant differences in the incidence of infection when comparing patients who underwent TJA with AIBC or with plain bone cement.
Since its introduction in 1970, AIBC has been widely accepted in revision 18 The proponents of AIBC believe that it has several advantages. Antibiotics are stable during the exothermic polymerization reaction, with only minor adverse effects on the cement's strength. Antibioticinfused bone cement is effective against gram-positive, gram-negative, and anaerobic bacteria, which inhibit 96% to 98% of anaerobic and aerobic organisms tested in vitro. 26 The antibiotic delivery brings about a high concentration in the first 3 postoperative days, and there is no decrease in the mechanical properties of cement. 26, 27 However, other authors have a negative opinion about AIBC. They think the routine use of AIBC in primary TJA may contribute to antimicrobial-resistant organisms, making the management of infected implants more difficult. 28 They also report a risk of hypersensitivity or toxicity and suggest that there is an increase in the cost of the cement. 17, 18, 29 Authors who propose the routine use of AIBC have stated that the use of AIBC led to a decrease in the incidence of infection after primary TJA. Chiu et al 9,11 performed 2 randomized, controlled trials that included 240 primary TKAs in healthy patients and 78 primary TKAs in patients with diabetes mellitus. The results showed that cefuroximeimpregnated cement was effective in the prevention of early to intermediate deep infection after primary TKA with the use of perioperative systemic antibiotic prophylaxis. Josefsson et al 30 conducted a randomized, controlled trial in which the prophylactic effect of systemic antibiotic was compared with AIBC in 1688 consecutive THAs; the results showed the prophylactic value of AIBC against PPI after THA. In a large retrospective study, data on 22,170 primary THAs from the Norwegian Arthroplasty Register during the period from 1987 to 2001 showed that patients who received only systemic antibiotic prophylaxis (5960 hips) had a 1.8 times higher rate of infection than patients who received systemic antibiotic prophylaxis combined with gentamicinimpregnated bone cement (15,676 hips). 12 Furthermore, other national arthroplasty registry studies from the United Kingdom 25 and Sweden 31,32 also showed statistically significant reduced PPI with a combination of AIBC and systemic antibiotics. Hence, 48% of surgeons in Norway, 85% of surgeons in Sweden, and 69% of surgeons in United Kingdom reported using AIBC routinely for TJA. 12, 31, 33 However, authors of other studies do not advocate the routine use of AIBC as an infection prophylaxis in primary TJA. 34 It has been reported that the use of AIBC was associated with a paradoxical increase in the risk of infection. 15 A large clinical study performed by Namba et al 15 found that the use of AIBC did not prevent infection after TKA. In another study of 22,889 primary TKAs, Namba et al 21 found no reduction of primary TKA deep PPI with the routine use of low-dose, commercially available AIBC in a community setting. In a cohort of 1625 patients in which 50% had received AIBC, Gandhi et al 16 found that the use of AIBC did not reduce the rate of infection following TKA. Hinarejos et al 24 performed a prospective study with 2948 patients who underwent TKA and reported that AIBC with colistin and erythromycin did not reduce the rate of deep PPI. Furthermore, Engesaeter et al 35 provided an update on the Norwegian registry and examined revision rates for THA due to infection after uncemented THA, cemented THA, and AIBC THA; results showed no statistically significant differences between groups. In the current meta-analysis, the authors also found no statistically significant differences in the incidence of infection between AIBC and plain bone cement in primary TJA.
This meta-analysis has some limitations. First, the implants, cements, and antibiotic impregnation strategies were not consistent through the trials. Although subgroup analysis was performed, the efficacy of different implants, cements, and antibiotics was variable due to the different design principles, which may influence the accuracy of the conclusion. Second, the populations among included studies differed widely, and heterogeneity was high. The random-effects model was used when heterogeneity appeared. Third, because there were some nonrandomized, controlled trials included in this study, this may have produced bias with an adverse effect on the reliability of the authors' conclusions. Finally, the length of followup in most of the included studies was short, with 2 trials reporting outcomes at less than 24 months. However, PPI is an early postoperative complication that seldom occurs beyond 60 months after TJA.
cOnclusiOn
This meta-analysis of currently available evidence indicated that the use of AIBC in primary TJA did not lead to a decrease in the rate of infection. More high-quality studies with a larger number of participants and longer follow-up are needed to confirm the use of AIBC as infection prophylaxis. 
